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;;f/ ABSTRACT
The Naval Research laboratory is serving as technical director of
the Navy's Air to Alr Missile Study., This report represents a continu-
ation of this effort. Results are presented, based on preliminary
investigation, which are directed toward establishing the minimum fire
control requirements for successfully launching an air to air missile.
The investigation wes prompted by the fact that as missile system
design techniques improve, fire control accuracy requirements should be
less stringent. The question arises as to why this trend has not
prevailed in the desigh of modern airborne fire control systems.?&

PROBLEM STATUS

This is an interim report; work on the problem is continuing

AUTHORIZAT ION

NRL Problem 53R05-0L
BUWEPS Problem RM 3501-001/652-1/FO09-01-009
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NAVY AIR TO AIR MISSILE STUDY FIRE CONTROL REQUIREMENTS
INTRODUCTION

This report presents thne results of & preliminary analytical investigation,
conducted by the Naval Research lLaboratory, pointed toward establishing
the minimum fire control requirements to successfully launch an air to air
missile. Current airborne weapon control systems are complex and conse-
quently require high level maintenance which still does not permit an
acceptable availability status.

Systems of the past, such as the F4D Aero 13 had guns and rockets
a8 primery armament. Bxperience showed that lead-collision rockets were
the most effective tactical mode. This lead-collison course has only one
instant of solution, where the rocket dispersion pattern results in & high
kill probability, during the total attack conversion. It requires that
accurate angle and range information be supplied to the computer. Current
systems, such as the F3H Aero 19 and the F4H-1 Aero 1A utilize missiles
(Sparrow III and Sidewinder) as a weapon. These migsiles have some RN
capability of correcting initial errors thus permitting missile launch
with considerable angle and range errors in & pure pursuilt or lead pursuit
mode with continuous firing cepaebility within a given range interval.

With the advent of missiles as a weapon it would seem logical that
the tolerances of angl , range and computed parameters couid be increased
and still provide a suarisfactory solution to the problem. This has not
been the case, since the equipment designers tend to provide information
to a higher degree of accuracy than necessary, because it is within the
"gtate-of -the-art." BSuch exotic design philosophy increases the equipment
complexity and vulnerabillity to enemy countermeasures. Complexity of
circuitry and operational modes is a regenerative process because as
system functions become more refined they become more susceptible to the
natural environment as well as enemy generated countermeasures and conse-
quently require additional refinement.

It is the intent of this analytical and simulation effort to devise
methods of simplifying present system concept and still improve the
probebility of success through ease of operation, maintenance and improved
reliabllity.

OBJECTIVES
In setting forth on this investigative study effort, certain broad
objectives were establlished based on both analysis of NRL's tactical

effectiveness studies and intultive judgement. These objectives may be
summarized as follows:
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a. bvellne, in terms of probability of arriving at a successful launch
point, present capability to solve the fire control problem, both
in the clear and countermeasure environment, for the successful
launch of today's and future air to air missiles.

b. Define actual accuracy requirements for leunching air to alr
missiles,

c. Specify a system for solving the launching problem of air to air
missiles.

To explore the initial obJective of defining the Navy's current
capability of solving the fire control problem, it was decided to select
the most advanced interceptor system about which sufficient information was
known to mechanize an sccurate simulation.

The approach to this problem was to utllize the FUH-1 cockpit simulation
in conjunction with the Reeves Electronic Analog Computer (REAC) located at
the Westinghouse Air Arm Division. This simulation provides a pilot
position with aircraft control stick, the instruments necessary to fly the
alrcraft and the APQ-T2 search and attack display. The Radar Intercept
Officer's (RIO) position is also simulated with the same radar presentation
and radar control handle. These operating positions are connected into the .
REAC which simulates the charagteristics.of the F4H=1 atrcraft and
the Alrborne Missile Control System (AMCS) Aero 1A (APQ-T2 radar and AFA-128
computer). A limited effort, although statistically sound, was made for the .
purpose of establishing parameter sensitivities and trends in quantities
that would direct further investigeative effort and system simplifiecastion
taking advantege of insensitive parameters. One of the ground rules that
vas set forth was that the model (F4H-1 Aero 1A) would be used as mechanized
in the initlal investigations of the Navy's Air to Air Missile Study, thus
establishing a standard to which future data might be compared.

GENERAL SUMMARY

With the simulation verified as representative of the FiH~1 weapon
system a program to exercise the simulator was devised. Two hundred
conversions were randomly flown in the "Normal Mode" (clear environment).
The results of this set of conversions shows 83.7% capability of reasching
8 successful launch point.

The next step was to investigate the FLH-1 weapon system capability
of solving the fire control problem in the "Home on Jam" (HOJ) mcde. From
the two hundred random conversions in this mode a probabllity of successful
conversion of 73% was sttained or 97% of those runs which succeeded under
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normal conditions. This would indicate, that under the conditions examined,
the system 1s not sensitive to absolute range. Presently the range infor-
mation 1s accurate to within several yards and imposes considerable equipment
complexity in the range track and timing circultry to attain such accuracy.
Congiderable simplification chould be poszible in Lhis ares and plans are

to exploit several schemes which will be discussed later in the text.

A third sequence of two hundred conversions was flown in the "Acquire
on Jam" (AOJ) mode. The conditions for this exercise were that the weapon
system never had range and the pilot was orally given range with a lo
sccuracy of * 3n.mi at normal detection range. It was left to the
intuition of the pilot as to when he should fire,based on his ability to
gense the proper time,using only the instruments normally Iin his cockpit.

The pilot was told that he could use any of the informatlion provided
in the cockplt to sccomplish his mission, but no clues were given him and
he was not permitted to review his results until all runs were completed.
Under these conditlons he was able to successfully launch a missile with
a probability of 36% or 43% of those runs which succeeded under normal
conditions.,

This capability is encouraging since several schemes of system
simplification, which will be investigated later, should enhance the pilot's
capability in this mode or ultimately negate the need for this mode. The
major reason for fallure in this mode was that the pilot fired early so that
a simple operation on AEW range such as more accurate range or an increased
data rate may be sufficlent to increase hils capability which would also be
applicable to the other modes.

& fourth sequence of six hundred conversions was mede in an "Attack
While Search" (AWS) mode. This mode briefly is one in which the RIO
ccntrols the radar antenna to illuminate the target on the center bar of
the three-bar Palmer scan in the Search mode. The pilot sees the target
each time the antenna scans by and flies the aircraft such that the target
is a fixed amount displaced from the center of the scope. When the target
is displaced, in azimuth with the proper direction from the center of the
scope, a corresponding lead angle is established. By attempting to fly a
fixed lead angle under these conditions, the pilot makes his conversion
utilizing a deviated pursuit course.

Operating under these limitations the pilot-RIO team was able to press
the attack with a respecteble success probability. The resulting probability
of success varies with the fixed lead angle employed and the results
obtained varied from 12% to 59.6%. It is felt that this capability can be

3 CONFIDENTIAL
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improved by optimizing the simulated system for this mode of operation.

Any change along these lines would be in the way of system simplification.
The major problem with this mode is the low data rate provided the pilot
such that he has a lag in his control of the aircraft since he is
accustomed to fly the system closed loop. One obvious niethod of increasing,
the data rale by a factor of 2 is to switch the radar to single bar scan
after target detectic

This study to date, although all of the date have nbt bean reduvced and
certain areas need further investigation, indicates that current system
mechanization concepts are overly complex.

DETAILS OF SIMULATION

The simulation includes a cockpit mock-up with aircraft surface
controls, the pilot and RIO's display, the aerodynamic simulatirn of the
interceptor, and the kinematiecs relating the interceptor, the ' radar
antenna, the target, and a space reference coordinate system. A block
diagram showing these interrelationships 1s shown on Fig. 1. In planning
tuls simuletion, consideration of the program objectives. determined the
extent of couponent approximation. When indicated, simplifications of the
problen are made to enhance reliability and to conserve cowputer capacity.

Method

The major piece of apparatus used in the study is a Reeves Electronic
Analog Computer (REAC). The REAC is used to simulate:

a. FLH-1 aircraft.
b, Space geometry existing between the F4H-1 and a target.

c. Display information generated by the AN/APQ-?E radar and the
AMCS Aero 1A Fire Control Computer.

In 8" -lating the F4H-1, the basic three-dimensional aerodynamic
equations of motion are modified to provide an alrcraft which is linearlzed*
in angle of attack and pitch. By imposing these restrictions on the up-down
motion of the aircraft, the simulation is limited to co-altitude attacks in
which the F4H-1 is allowed to meke small perturbations about a fixed
altitude. The target is mechanized as a point in space moving with constant
speed in a straight line at a constant sltitude. Three-dimensional space

T e e e T e L A -

*for a linearized angle ¢; gin 6 = 6, cos © = 1
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geometry between the FuH-1 and target is mechanized to obtain range and
bearing, aircraft orlentation angles and rates, antenna sightline angles
and rates, and space range components.

The display information prinnipally consists of steering errors,
meximum and minimum range information, and allowable launch error. This
information 1s presented to the F4H-1 pilot in the form of an oscilloscope
display.

Mock-up

Used in conjunction with the simulated REAC equations is a cockpit
mock-up which consists of:

a. A control stick by which the pilot transmits aileron and elevetor
commands to the aircraft. Also located on the control stick 1s
the missile firing button.

b. Instrumentation panel supplying information on altitude and
normal accelerstion to the pilot.

c. A five inch oscilloscope on vwhich the display information
generated on the REAC is presented. Also on the oscilloscope
i1s a horizon line which supplies roll and pitch information to
the pilot.

d. A human pilot who is used to close the loop on the simulation.
The pilot does not require any actual flight experience since
previcus studles have shown that, &s far as the REAC results
ere concerned, the performance of a properly trained REAC pilot
compares very favorably with that of an actual jet pilot.

e. QColored lights indicating Rpgx, Rmin, HOJ Mode and AQJ Mode,

Located in another part of the room from the cockplt is the radar
operator mock-up which consists of:

&. A five inch oscilloscope displayling the ldentical information
presented to the pilot.

b. A lock-on control handle which enables the radar operator to
lock the FhH-1 antenna onto the target.

5 CONFIDENTIAL
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Display

As mer’ ioned previously, the pilot and the radar operator receive
identical display information through a pair of five inch oscilloscopes.
Two types of presentations are avallable; namely:

a, search, and
| b. track.
w Search Presentation - Normal, HOJ and AOJ Modes

The search display consists of & horizon line, a target dot, an
elevation strobe, and a pair of acquisition symbols as shown on Fig. 2.
Approximate roll and pitch indicastion is supplied by the horizon line.
| The antenna elevation strobe and the azlmuth component of the acquisition
‘ dot are space stabilized (unaffected by aireraft roll and pitch motions).
The approximate position of the radar range gate is indicated by the
acquisition symbols, two parallel bars, vhich are replaced by a range
slash at the bottom of the bars when the lock-on button i3 pressed. The
radar operator cen position the acquisition symbols left or right, up or
down by manipulating the lock-on control handle. ’

Search Presentatlon - Attack While Search Mode

The seacch presentetion used in the AWS Mode is shown by Fig. 3.
The antenna uses a three-bar Palmer scan in which the bars are separated
by 3.75° £ 0.5° vertically. The total horizontal scan is % 15° from scan
center which can be oriented about the expected position of the target.
The scan pattern is seen as a vertical noisy line sweeping back and forth
across the scope face. The scope is intensity modulated as a function of
target position as shown on Fig. 4.

Track Presentation - Normal and HOJ Modes

The track display, which replaces the search display after lock-on is

hy the horizon line., Information on aircraft orieatation i3 obtained by
the steering error dot. The outer circle collapses to the Rpgx and Rmin
scribe marks as range approaches these values. Closing rate is indicated
by the gap in the outer circle which rotates clockwise as closing rate
increases. The inner circle represents the maximum allowable launch

error for the missile. AI radar gimbal angle deflections are indicated by
the elevation and azimuth strobes. The HOJ mode is distinguished visually
from the Normal mode by the presence of the HOJ light.

6 CONFIDENTIAL
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Track Presentation ~ AOJ Mode

Since no range or range rate information is avallable for AOJ, the
display is somewhat modified. The Rpgx and Rpin lights do not function
and the outer collapsing circle 1s blanked. The maximum allowable error
circle is held at a constant radius of 8.5° = 2°, A constant range of
3 nauticsl miles is inserted into the steering equations thereby causing
the interceptor to fly an approximate deviated pursult course at long
ranges. The scope display 1s shown on Fig. 6

Track Presentation - Attack While Search Mode

Since this mode 1s flown entirely in searci: there is no track
presentation.

Switching From Search to Track

At the beglinning of each attack, the display is in the search mode.
At some time after the beginning of the attack, the target dot suddenly
appears on the display indlcating that AI radar detection range has been
reached. At this time, in the Normal and HOJ modes, the radar operator
positions the acquilsition symbols over the target dot and depresses the
lock-on button located on the lock-on comtrol handle. By keeping the
lock-on button depressed, the system locks-on (the display switches from
search to track) when the following conditions are met:

a, Target dot is bracketed by acquisition symbols when lock-on
button i1s initially depressed.

b. Ten seconds havz elapsed since the target was detected.

The ten second time interlock is not a part of the actual weapon system,
but is chosen to allow for possible lock-on difficulties in combat.

For the AOJ rums, the system automatlcally switches from search to
track at AI radar detection range; thue, "locking-on” is not necessary.
The system always remains in the search mode in the attack while search
investigation.

Data Presentation

The data collected from the simulation is recorded in two different
forns :

-1
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a.

b,

Brush recordings

X-Y plotter

The time histories of all the important simulation varisebles are
recorded on four brush recorders having six channels aplece. A description
of each variable is listed as it appears on the recorder.

Recorder 1 - Success or Failure Relationships

a.

R - true range, nauticgl miles
The line of sight distance between the target and interceptor

Rpax and Rpip - first and second pips respectively, indicating
the true maximum and minimum aerodynamic range of the misstle as
determined in the range interlock computer when the correct
geometrical quantities are used as inputs.

Rdisplay - apparent range, nautical miles

The value of range presented on the display as determined by the
systems memorized geometrical inputs

Ryax Ryin - first and second pips respectively,

1ndigé%¥ yfhe max1m§ﬁsgn& minimum aerodynamic range of the missile

as presented on display when the memorized gesometrical quantities -
are used as inputs to the range interlock computer.

Epax - allowable launch error, degree.

The maximum allowable deviation in the error plane from the correct
interceptor heading for successfully launching a missile when the
correct geometrical quantities are used as inputs. The pips
indicate the depressing and release of the firing button (pickle).

Emaxdisplay - apparent allowable launch error, degrees

The value of allowable launch error presented on the display as 2
determined by the systems memorized geometrical inputs

Er - radial error, degrees
The radial deviation from a correct interceptor heading as determined

by the vector sum of the true azimuth and elevation steering errors ﬁ
when the correct geometrical quantitles are used as inputs.

8 CONFIDENTIAL
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f.

ERqygplay - 2PPOFent radial error, degrees

The value of radisl error presented on the display based on the
systems memorized geometrical inputs.

Recorder 2 - Space Geometry Relationships

a.

R - range rate, feet per second

The closing veloclty between the interceptor and target as determined
in the radar renge circultry as if the target was being tracked in
the Normal mode.

ﬁdisplay - apparent range rate, feet per second

The value of range rate presented on the display as determined by the
systems menorized gecmetrical quentities.

Vp - fighter velocity, feet per second
The true sir speed of the irnterceptor.
Ae - Elevation gimbal angle, degrees

The angle between the radar gimbal mechanical axils and the line of
sight measured in the plene of the elevation gimbals.

Ay - @zimuth gimbal angle, degrees

The angle between the radar gimbal mechanical axis and the line of
sight measured in the plane of the azimuth gimbals.

¥ - aircraft heading angle in the horizontal plane, degrees

The fighter's Euwlerian angle, wind axis in yaw, with reference to the
target track.

Recorder 3 - Basic Aircraft Parameters

a.

© - aircraft pitch angle, degrees

The angulsr dlsplecement from the horizontal about the transverse

axis (y axis) of the interceptor. Pitch angle is positive when the
nose ig up.

9 CONFIDENTIAL
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b.

% - alrcraft roll angle, degrees

The angular displacement from the horizontal about the longitudional
axis (x axis) of the interceptor. Roll angle is positive when the
right wing is down.

p - alrcraft pitch rate, degrees per second

The angular rate of change about the transverse sxis (y axis) of
the interceptor,

Q - alrcraft roll rate, degrees per second

The angular rate of change sbout the longitudionel axis (x axis)
of the interceptor.

r - alreraft yaw rate, degrees per second

The angular rate of change about the vertical axis (z axis) of the
interceptor. Clockwise rotation is positive.

N - load factors, G's

The interceptors 1lift to weight (L/W) ratio

rcorder 4 - A Check on Recorder A

8.

€a1 - elevation steering error, degrees

The deviation from the correct interceptor heading measured in the
plane of the elevation gimbals.

€gz - azimuin steering error, degrees

The deviation from the correct interceptor heading measured in the
plane of the azimuth gimbals.

eeldisplay - apparent e.evation steering error, degrees

The systems estimate of time elevation steering error based on
memorized inputs.

10 CONFIDENTIAL
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d, eazdisplay - apparent azimuth steering error, degrees
The systems estimate of true azimuth steering error based on memorized
inputs.

e. my - elevation gimbal angle rate, degrees per second

The angular rate of the line of sight in the plane of the elevation
gimbals.

f. wg - azimuth gimbal angle rate, degrees per second

The angular rate of the line of sight in the plane of the azimuth
gimbals.

It can be seen from the sbove that each recorder has a specific
function to perform. Recorder #1 is sufficient in itself to tell whether
the attack 18 a success or & fallure. Recorder #2 supplies information
to check the space geometry relationships. Recorder #3 provides a check
on basic aircraft paremeters. Recorder #4 is useful as & check on
Recorder #l since its informavion may be used to compute Ryryg end Rprs.
A suuaple brush recording is showm on Fig. T.

In the Normal, HOJ and AOJ modes parallel computations of true and
displayed range, range rate, allowable launch error, azimuth steering error,
elevation steering error and total steering error are made. For the AWS
mode, the "displayed" varisbles are undefined since the system remains in
Bearch. In order to eveluate the AWS mode, the six quantities with the
subscript (DIS) are replaced with the following:

A Space stabilized azimuth target position in search (degrees)

A’ Azimuth position of antenna center-of-scan in search (degrees)

E Space stabilized elevation target position in search (degrees)

E’ Antenns elevation strobe position in search (degrees)

To supplement the information obtained by the brush recordings, Ry
and Ry (the horizontal components of space range) are mechanized and fed

to an X-Y plotting board. The result is a plot of range versus
angle-off-the-nose in relative target coordinates. At the times when

11 CONFIDENTIAL
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Ruax and Rpin are equal to range, they produce output pulses which trigger
differentiator circuits producing pips in the Y channel of the plotter.
Thus, the relative plots also show the range and angle-off-the-nose at Rygx
and Rpin for each run.

CRITERIA FOR SUCCESS

For an intercept run to be a success in actual practice, the missile
must be launched within an allowablz launch error and within its aerodynamic
range capability. This same succesgs criterie was employed in reducing
the data resulting from the simulation elfort. For the run to be scored
as a success the actual launch error at the time the launch button was
pressed (or when interlock permits missile launch) must be equal to or less
thaen the allowable launch error, snd the actual range must be less than the
maximum aerodynsmic range of the missile (Rmax) and grester than the minimum
aerodynamic range (Bmin). The allowable launch error was obtained from the
following equation:

- Ko [Vg - K3Vp

R
Epax = A + K3 ﬁ;;;’]vb ~ Kyvp

Epax 18 limited %o 15° or less

» =3°
Ky = 0.75

Kp = .0054° per foot per second
K3 = 0.015

Ve = closing veloc'ty

VF = interceptor velocity

The aerodynamic ranges were obtained using the calculated velocitles from
the weometry for the particular course of interest.

FI*7 CONTROL INVESTIGATION
The interceptor is vectored in e horizontal plane along a pure

co. .sion course to the point of AI rader detection at an angle 7o off the
nose of the target. The locations of the interceptor course at detection

12 CONFIDENTIAL
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are dispersed in a horizontal plane in accord with the normal probability
distributions of vectoring errors and detectlion range with standard
deviations of 3 nautical miles and 3.6 nautical miles, respectively
(Refs. 1 and 2).

The area in which the possgible locations of the interceptor at detection
are dispersed is divided into 8 rays 2 nautical miles by 12 nautical miles
parallel to the ideal vectoring rsay. Esach ray is given a statistical
waeight due to vectoring error distribution. In addition,each ray is
divided into 6 blocke 2 nautical miles by 2 nautical miles weighted
according to range distribution as shown on Fig, 8.

At lock-on the interceptor pillot maneuvers his aircraft so as to drive
to zero any steering errors present. The method of maneuvering is dependent
on the type of track mode employed; however, in all cases the interceptor
must not exceed 3g's normsl acceleration (Ref. 3). All attack modes
considered are identical prior to the point of AI radar detection. The
attack mode is classified according to the method of operation after detection
of the target.

Normal Atteck Mode

The purpose of this phase of the investigation was to establish AMCS
capability under selected realistic tactical conditions. The results
obtained were used as a training medium and as a reference level for determi-
ning success in following phases.

In the simulation of the Normal Attack mode there 1s no enemy counter-
measures. The radar operator is prevented by a 10 second timer from
completing lock-on sooner than ten seconds after detection. This is
considered to be a realistic delay for the detection to lock-on process
(Ref. 3). After lock-on, the search display is replaced by the track
display which is driven by the airborne computer using the true range and
range rate. The pilot then converts to a true lead-pursuit course by flying
the steering error dot to the center of the scope and keeping it there. The
mizsiles are launched by depressing the missile launch button on or after
the presentation of the Rpgx 8ignal and before the presentation of the Rpin
signal.

Conditions
In this phase of the investigation all attacks were conducted under

co-altitude conditions at 50,000 ft altitude. The interceptor velocity (Vp)
was Vpax at the start of the run and the target velocity (Vp) = M 2.0.

13 CONFIDENTIAL
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The interceptor was vectored on s pure collision course. After AI radar
lock-on the aircraft flies the normal lead pursuit course. Two target
aspect angles (7o) were investigated, 15° and 30° (Fig. 9). The boxes in
the probability grid from which intercept runs were made sre as follows:

T = 15°  A-h, B-4, D-3, E-2, F-5
7o = 30°  B-3, D-k, E-2, F-5, G-4

Twenty runs minimum (10 right and 10 left) were made in a random fashion
from each of the selected boxes in the probability grid.

The interceptor aircraft employed is the FLH-1. The performance of
this aircraft, as simulated, is described in detail in Ref. 4, The missile
characteristics used in this simulation are those of the Sparrow III6a and
are described in detail in Ref. 5. Some of the pertinent factors are as
follows:

Vo = 1000 [1 +0.3 (1 - P—:L)]

Vo = average velocity above launch velocity
Fmex = R1(p) +T1 (Ve - VF)
P
Rl(h) = -26.560 log §-S~L + 11000

T3 = 11 seconds for Vg > Vp
P
Ty = -5.95 log Psi + 4.l for Vg < Vg

Rmin = Rz(yy + TaVc
Ra(y,) = -3442 log T’sP_L + 2200 £t from 0 to 30,000 £ altitude
Rp(p) = -10.480 log -15% - 1480 £t from 30,000 £t to 70,000 ft alt
P = pressure at altitude
Pg1, = pressure at sea level

To = 4.3 seconds

€z (a2 steering error) = i§$¥§ - V4 Sin Aa] 57.3

3500
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Ry
Eel(el steering error) = [3743 - Vo, Cos 2a 8in xe} 57.3 - 0.l8et
3400

P
»

serodynamic angle of attack

line of sight rotstion rate in azimuth

&

line of sight rotaticn rate in elevation

£
]

fighter to target range

=]
[}

a8 = azimuth gimbal angle

Ae = elevation gimbsl angle :

English bias is assumed correct for all launching stations. Missile
gimbal limits are * 46° in azimuth and elevation.

The target is of B-47 radar size. The AI rader is as defined in Ref. 6.
Its high probability detection capebility is 19 nautical miles head-on
against the B-U7 size target closing at M 3.6. The redar gimbal limits are
£ 57°.

Results

The initisl conditions for the two sets of runs used in this phase of
the investigation are given on Tables 1 and 2. One hundred runs were made
for conditions given on each of these tables (total of two hundred runs).
The first column on these tsbles gives the run numbers 1 through 10,
initial aspect angle, whether the run was initiasted from the right or
left-hand side of the target, and the box in the probability grid. For
example 1-15I~Ak is run number 1, To = 15°, left-hand side of target and
box Ab., The second column gives the range at which the run started (Ry).
The third column gives the initial aircraft heading angle (¥o). The
actual detection renge (R3) is given in the fourth column. The initisl
elevation (Aey) and azimuth (Aagy) gimbal angles are given in the last two
columns,

The results of the simulation of these two hundred runs are given on
Tables 3 and 4. The number of successes for each ten runs are given. The
reasons for the failures are listed. For the group given on Table 3 there
were 96 complete runs, 85 successes, 9 failures due to tco large & steering
error, 2 failures due to failure to fire when permissible and L4 incomplete
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rung. Thus there were 96 valid runs. This represents 82 or 88.64 succens,

The second group of runs ylelded 79% probabllity of suctéss. These runs -
will be used as the standard for measuring the capability of system

operation in degraded or countermeasures environment. The probabllitiles

associated with each box in the detection grid are given on Fig. 9.

Evaluation of the Normal mode simulation results are given on Tables
3.1 through 4.5, The first column gives the run number and consists of
runs 1 to 200. The code given in the second column is the same as
described previously. The third column tells whether launch occurs between
Rpax @nd Rpin. The allowable launch error (Epayx) and the ectual radial
error (BR) are given at the firing point and at a point 2 seconds after
firing. Two seconds 1s the time elapsed from "pickel" to the instant that
the missile leaves the aircraft. The last two columng list pertinent
remarks and describe whether the run was a success or faillure.

These results are obtained as follows: The -Eygy brush recordinge for
each run 1s first inspected to determine whether a missile has been fired
during the run, If a firing does occur, the next step is to determine
vwhether the firing occurs between Rygy 8nd Rpyyy. This is easily done by
observing the range channel of the brush recording (containing Rpgy and
Ryin indications) which is located next to the Epgy channel as shown on
Fig. 7. If the missile firing does occur between Rpgx and Rpin, then the
run will be considered a success if the maximum allowable launch error .
(Epax) is greater than or equal to the true radial steering error (ER)
for approximately 2 seconds after firing. Thus, the values of Fpg,* and
ER are tabulated at time-of-fire and also time-of-fire plus 2 seconds. .
If at both evaluation points Epay 2 Ep, then the run is recorded as a
success. However, if the condition Ej,y 2 ER only holds true for one of
the two evaluation points, the run is considered marginally successful and
is so indicated. If Ep > Epgx for both evaluation points, then the missile
firing is assumed to be an error in pilot judgement and the run is labeled
a failure.

If missile firing occurs before Rpmax 15 reached, it does not necessarily
imply failure since there is an interlock present in the system which will
not allow the missile to be fired until Rpgy is reached. In such a case,
the evaluation points do not begin with time-of-fire, The first evsluation
is taken at Rpgx and the second evaluation at two seconds after Rpax has
been attained. Determination of success or failure is then undertaken
exactly as described above,

- e e -

*The recorded Ey,y 1s exactly that determined from the Ej,y equation-and
can assume any positive value. However, the Epg, which the pilot observes

on his scope is limited to am maximum of 15°. Thus, when reading the results, .

velues of y.y greater than 15° should be interpreted as being equal to 15°.
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If missile firing occurs after Rpyin 18 attained the run is considered
a failure with no additional evaluation necessary.

If there is no missile firing at any time during the run, Epgy and Ey
are tabulated at Rygx and also at Rppx plus 2 seconds. If Ep is always
greater than Epg. in this region, the run is a failure due to excessive
steering errors. If ER is approximately equal to Bpax in this region, the
run is considered marginally successful, but it is still recorded as a
failure. If Epgx > Bp in this region, the run is also labeled a failure.
even though the pilot could have fired successfully. Runs of thias type
are indicated by inserting the remark "could have fired" in the REMARKS
column of the results.

One other evaluation which has not been previously mentioned is the
"Incomplete" run. An incomplete run is one in which one of the initial
conditions of the run had been inserted incorrectly but wes not discovered
until the dsta was anelyzed. These runs are not considered in an evaluation
of results.

HOJ Attack Mode

The purpose of this phase o>f the investigatiovn was to determine the
capability for .solving the fire control problem in the presence of counter-
measures using the current HOJ wmechanization. The results will be compared
with those of the Normel mode to determine relative capability. In
eddition, the results will be examined to determine if improvements can be
made in this HOJ mechanization.

Conditlons

In this phase of the study, the initial conditions are the same as
those described in the preceding section for the Normal mode except:

a. Jammed environment.

b. It is assumed that the radar has locked on and the computer has
settled on a solution Yefore countermeasures start.

¢. The countermeasures continues throughout the run at a level sufficient
to keep the system in HOJ.

d. Continuous angle information is available.

17 CONFIDENTTAL




CONFIDENTIAL

e. The lead pursuit course computation is based on the last known
range and range rate., The effect of integrator drift on the
computation of range in the HOJ mode 1s simulated by edding
L 2.7t + 3 £+ per second to the last known value of range rate,
where t is the time in seconds after the HOJ mode 1s initilated.

f. The HOJ track presentation is gimlilar to the Normsl presentation
except that a light signals the existence of the HOJ mode. The
steering error is reduced by plying the steering error dot to the
center of the scope as in the Normal mode. However, due to the
degraded range information, zeroing of the steering error dot
will not reduce the true steering error to zero.

Results

The initial condlitions for the two sets of runs used in the HOJ phase
of the investigation are the sume as those used in the Normal mode and are
glven on Tables 1 and 2,

A summary of the results of the HOJ mode for the two hundred simulation
runs are given on Tables 5 and 6.

From Table 5, the overall probability of success for Runs 201-300
is T74% and from Table 6, the overall probability of success for Runs 301-L0OO
is 72%. Comparable results given previously for the Normal mode of
operation were 88.6% and 79%. Thus, for thpse cuns which
succeeded in the Normal mode of operation A 83.5% and Lz = 91% succeeded
in the HOJ mode. These results are very enacOuraging and inzgcate that
absclute and continuocus range informetion may not Le essential to successful
missile launch.

As in the Normal mode, the cases which most degraded the performance
are Cases 1 and 10, Case 1 resulted in zero successes per 20 trials and
Case 10 resulted in 8 successes per 20 trials. The performance of Case 10
was lmproved from that shown in the Normal mode due to using a larger
initial range beginning with Run 237.

Case 6, which was very successful in the Normal mode, was successful
for only four trials in 20 attempts in the HOJ mode. The reason for
fallure in every instance was a tendency to fire before the true maximum
firing range was attained. This phenomenon will probebly appear for all
fucther high angle-off courses in subsequent reports. The course begins
at 40° off the nose of the trarget and is forced back towards the tail due
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to geometry. The value of renge rate thus becomes less negative as the course
progresses and the actual range closes more slowly than is indicated by the
constant range rate fed to the range integrator. Thus the "in-range” light is
triggered when the actual range is s8till too great for a successful launch.

An evaluation for the 200 HOJ runs is given on Tables 5.1 through 6.5.
The differences in these tables and those described previously for the
Normal mode are as follows:

a, Column 3 gives the polarity of the drift in the integrator
associated with range rate computation.

b. Both true meximum allowable launch error and maximum allowable
error ag computed in HOJ are recorded.

c. The true redlal error and the radial error as computed in HOJ are
glven.

The criteria for success is the same as that employed in the Normal
mode except launch must occur between Rmax and Rmin. In the Normal mode,
pressing the launch button before is reached will not result in a
failure since an jinterlock prevents launch until Rpgy is reached. This is
not the case in-the HOJ mode. If the missile firing occurs more than one
second before Ryayx is réached, the run is a fallur¢ since the iInterlock
is disabled. For eariy firings of less than one second, the run is termed
& marginal failure or an outright failure depending on the values of Eypx and
Er at time-of-fire.

AQJ Attack Mode

The purpose of this phase of the investigation was to determine the
capablility for solving the fire control problem ln the presence of counter-
measures using the current AOJ mechanization., The results will be compared
with those obtained previously for the Normal mode and HOJ mode of attack.
An examination will be made of the results to see if improvements can be
made in the mechanization or in the attack doctrine.

Condltions

In this phase of the study the initial conditions (conditions st AI
detection) are the same as those given previously for the Normel mode of
operation except:
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a. Range information is never available to the AI raday (angle
lock-on only) countermeasures exists throughout the run.

b. Continuous angle information is available.

¢. Initial range input at the start of the fire control problem is
obtained from Airborne Early Warning (AEW) at normal AI radar
detection range. The AEW range accuracy is such that lo = £ 3
nautical miles.

In the AOJ mode, lock-on and the initial determination of range and
range rate is assumed denied by countermeasures. Thus, the AOJ mode
light and the AOJ track display are presented at detection range in this
simulation. Since a constant range of 3 nautical miles is inserted into
the steering equations, the course is an epproximate deviated pursuit course
{lead pursuit dictated by a fixed range input) et long ranges when wj and
wy are small. The R term in the &) and €gz equations will be 3 * 0.5 nimi..
The firing interlocks are shorted. The allowable steering error circle is
fixed at 8.5° * 2°, No range to impact is presented. The range to go
circle is blanked. The Rpgx circle is removed and there is no range rate
slash.

As stated previously, the range information transmitted from AEW to
the interceptor has a distribution such that lo = % 3 nauticsl miles. In
the simulation a set of random numbers were generated and used in presenting
range information to the computer thus glving this distribution.

Armed with this value of range, and knowing his interceptor speed and
the approximate target apeed, the pilot proceeds to fly the course and try
to declde when he is within the missile firing range.

When the pilot feels that he is within the firing range, he depresses
the firing dbuttion and continues to fly the course. If, after 10 seconds
from firing the missile, the pilot is still able to fly the course without
experiencing large accelerations, he accepts this condition as an indication
that he has either fired too early or that he 1s flying a head-on attack.

If he chooses to assume that he has fired too early, he can exercise his
option of firing a second missile. If only one missile is fired in a
particular run, the run is evaluated as described previously. However, if
the pilot fires early and, realizing his mistake, fires a second time
while in the missile launch zone, the run is labeled a success,
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Results

The initisl condiiions for the two sets of runs used in the AOJ phase
are the same as those given for the Normal attack phase on Tables 1 and 2.

A summary of the results of the ACJ mode for the two hundred simuletion
runs are given on Tables 7 and 8.

From Table 7, the overall probability of success for Runs 401-500
is 36% and from Table 8, the overall probability of success for Runs
501-600 1s 37%. This compares to 88,6 and 79% success for the Normal
mode of operation.

It was found that the method of using the range information obtained
from CIC at time of detection is practically worthless to the interceptor
pllot for the following reasons. The pilot is supposed to calculate the
approximate time-to-go by assuming a head-on attack, thus

where tg = time-to-go
Rerg = the range supplied by CIC (which may be in error
by * 6 nautical miles)
Rpax = maximum launch range of missile (~ 6.5 nautical miles)

Vp = target speed

interceptor speed

Vp
VT + Vg

4000 ft per second as% ngutical miles per second

From the above one can see that a quick mental calculation of time-to-go
is obtained by subtracting 6.5 from Rerg, then multiplying the result by : i
1.5. Once t_, 1s known, the pilot can mentally count off t, seconds from i
detection and then fire the missile. The problem which arises is that

both the mental calculation and the count off are to start at detection,
The pilot must, therefore, do both simultaneously while flying the aircraft.
Finally, even if the pilot does the job perfectly, the % 6 nautical miles
possible error in RCIC indicates that the tg calculated may be in error by
t 10 seconds.
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The entlre procedure became so confusing after approximately 50 runs
were mede, that the pilot began to fire by intuition with no degradation
in results. After settling the initial tracking error, tie pilot flew the
courgse until normal accelerations of 2 to 2.5 g's were required, At this
time he would fire and continue to fly the course. If, after 10 ceconds
from firing, the pilot was still aeble to fly the course without experiencing
large accelerations, he accepted this condition as an Indication that he
had either fired too early or that he was flying a head-on attack. If he
chose to assume that he had fired too early, he would fire another missile
at this tinme.

An evaluation of the results for the AOJ mode are presented on
Tables 7.1-8.5 and consist of Runs 401-600. These results are presented
in a slightly different manner than those of the Normal and HOJ modes,
the differences belng that there is no tabulation of Epax and Ex for
time-of-fire plus two seconds. However, values of Epax snd Eg are
tabulated at Rpgy and Rpin for each run. These are included since, having
no range information, the pilot 1s liable to fire at any time and if he
does fire while far from the missile launch zone, there would be no infor-
mation avallable concerning steering errors and allowable errors in the
missile launch zone. When this information is avallable, attacks which
are failures due to early firings are still useful in that a measure can
be made of potential success had the pilot fired in the proper zone.

Attack-While-Search Mode

The purpose of this phase of the investigatlon was to determine
system capability for solving the fire control problem in the presence
of anticipated countermessures techniques by steying in the Search mode
of the AI radar.

Conditions

In thils phase of the study the initial conditions are the same as
those given previously for the Normal mode of operation except in this
mode lock-on is not attempted and the search displey remains on in narrow-scan
throughout the attack. The antennc uses a 3-bar Palmer scan. The bars
are separated by 3.75° + 0.5° vertically, and extend # 15° from center-of-scan
in azimuth when in narrow-scan, The overall effective narrow-scen pattern
is approximately 30° by 12°, and the center-of-scan is positioned horizontally
and vertically by means of the radar operator's control handle. The radar
operator positions the antenna in elevation by regarding the intensity and
frequency of appearance of the target dot. Target lntensity varies as a
function of the positlon in the scanned beam.
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The scan pattern and the scope displsy are space-stabilized, with the
center of the scope representing dead-ahead along the RGMA longitudinal
axis. The pllot obtains the target azimuth angle from the B scope display,
and the elevation angle from the antenna elevation marker. Using this
angular information he attempts to fly a deviated pursult course. Therefore,
inatead of zeroing a steering error dot, the pilot tries to keep the target
dot positioned on some predetermined constant azimuth antenna angle.

The signal-to-noise ratio was varied according to the probability of
detection in the specific cases and continued to vary as a function of
range. The attack course flown was a deviasted pursult course with
constant lead angles of 10°, 18° and 25°. Two hundred runs were made for
each of these lead angles.

Results

The initial conditions for the AWS investigation are the same as
thoge given for the normal attack phase on Tables 2 and 3.

Tables 9 through 14 give the results for the AWS investigation. The
percent of successes are given at the bottom of each of these tables., In
addition to determining the percentage of successes, the potential
successes are also calculated. If, on a particular run, Epgx z Egr at
Rpin S Rpax then the run is termed a potential success even though it may
have been aborted due to an early or late firing. A condensation of the
results are as follows:

lead % Actual % Potential
Run ﬁ 13 Angle Successes Successes
601-~700 10° 53 68
T01-800 11;° 10: 31 53
Sl E. g 2° o
1001-1100 25° 39 23
1101-1200 ¥ 25° 12 33

Pertinent data related to each of these AWS runs are given on Tables
9.1 through 14.5.

The only difference between Runs 601-TO0 and 701-800 is that every
right-handeg attack in Runs 601-700 becomes a left-handed attack in Runs
701-800 and vice versa. However, the percentege of successes and potential
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succesres are significantly higher for Runs 601-700 than for Runs T01-800.
This same phenomenon appears when Runs 801-900 are compared with Runs
901-1000, The lower numbered sets ylelded the highest probabllities of

8t :cess in each case.

The explanation for these differences is that Runs T01-800,
901-1000, and 1101-1200 were flown before the corresponding lower
numbered runs in each set and the differences in probability of success
reflect the lesrning process of pilot and radar operator, neither of
wvhom had flown this type of attack previously.

Summary of Results

A condensed summary of the results obtained for all phases of the
investigution is given on Table 15. The combined results (probability
of success) for all runs associated with each mode is given in Column 2.
For the Normal mode of operation this probobility of success is 83.T%.
Using the Normal mode results as a standard the results given in Column 3
ar. obtained. For example, referring to Column 2, opposite HOJ, we see
that the actual probability of success is T73%. However, under the best
condi+ions (Normal mode) only 87.2% success was available. Thus the HOJ
mode is 87% ¢ good as the best mode (Normal) of operation. Comparable
results are given for the other modes investigated. The high level of
success achieved for all modes is encouraging. In the AWS investigation
10° lead angles yielded the highest probebility of success (50.2% of the
best availeble).

CONCLUSIONS AND RECOMMENDATIONS

The purpose of this study effort is to estsblish the minimum fire
control re~wi . _ment o successfully launch an gir to air missile. Many
people famiiiar W .ch and qualified in the field of airborne fire control
systems believe that these systems have, through ai evolutionary process,
become overly complex in terms of the desired tactical capability. With
the advent of missgiles as a weapon, it would seem logical that the
tolerances of angle. age and computer parameters could be increased
beyond that requireu ror the predecessor gun and rocket systems and still
provide a satisfactory solution to the problem. Such has not been the
case, since the equipment designers tend to procvide as high a degree of
accuracy as the state-of-the-art will allow.

In the preceding sections, data has been presented which describes the

tactical capability of the F4H-1 system when used in the various mechanized
modes of operation, The results for each mode have been compared and trends

2k CONFIDENTIAL




CONFIDENTIAL

indicated as the input information accuracy is progressively decreased
from that availlable in the Normal mode of operation, to HOJ mode, to

AQOJ mode and finally AWS mode. It is now important to examine in deteil
the data recorded for eech mode of operation to determine if simple fixes,
change in doctrine or pilot-operator Jjudgement can be employed to enhance
the operational capability of the system in degraded modes of operation.
This in turn will serve as clues to where system simplification could
result and still permit the development and employment of a tactically
useful system. While the study results presented in this report are
preliminary in nature they will provide guidelines for future investi-
gation.

It would be premature to postulate the true requirements for a system
to control the launching of an air to air missile at this time. It can be
stated that recommendations for simplifying current systems will be forth-
coming. Seversl of these recommendations are being progreammed into this
study effort for verification prior to final system evaluation. Some of
these recommendations and observations are as follows:

a. From the comparison of the results of the Normal mode and the
HOJ mode, it appears that a simple fixed analog of range rate, in a typical
lead pursuit course, operating on memorized range would provide the system
adequate range and range rate information. The effects of interceptor slow
down and changing geometry, in a lead pursuit course, has a much greater
effect on range rate than the errors generated due to apen loop operation
of the ranging system as shown on Fig. 10. Therefore, with range vate
corrected for the effects of reduced interceptor velocity and geometric
slow down, the sensitivity of range and range rate accuracy can be defined.
Another output would be the measure of absolute range rate accuracy
requirements as pertains to the needs of the weapon. As an example, the
Sparrow III seeker requires range rate to a ziven accuracy to set the doppler
speed gate in the narrow sweep.

b. Range and range rate are ilnputs provided the interceptor from AEW
or other CIC sources., These should be utilized to the utmost. Such infor-
mation has associated errors predicted to be 1o = £ 3 miles in range and
rates of acceptable accuracy. It is the intent of this study to establish
by means of the F4H-1 simulation, the capsbility of using this type range
and range rate data as inputs for computed solutions. Airborne missile
control systems, as presently configured, have a requirement to provide
acceptable range informetion in the presence of enemy countermeasures.

Such ranging schemes are applicable to these conditions end the AWS mode,
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Sevecral variations of utilizing the AEW or CIC range and range
rate info.mation are contenmplated since one has to assume that the data
rate to ihe interceptor may be degradated by either malfunction or enemy
toeotics.

One advantage the interceptor has, when the enemy initiates
countermeasures prior to normal detection ranges, is longer detection ranges.
Th.. interceptor team may choose not to lock-up on the target at these
longer vanges since they have to resolve a particular target in the case
of multiple targets and in meny cases the probabllity of successful
converslion is enhan-~d .y delaying the iaitiail maneuver.

¢. If the range accuracy requirements can be reduced, the necessity
for mauy of the elabr ~*: range tracking circuilis, multipulse width trans-
mitters and receiv: ~ed to s~evaluated. It is conceivable that a
single pulse width wall be s .. ricut, trus negating the requirement for
vide band, back blas receivevs, ctc. Such a statement may be premature,
but further investigation of this arec will be made.

d. The AWS investigation was encouraging and indicates that limitation
in this mode is the data rate of target information. In the current mechan-
ization, the scan pattern (30° azimuth and 12° elevation) is too large and
‘the antenna does not illuminate the target often enough. A reduction in
sit 2 of the scan pattern after detection, to some optimm size, would
*acrease the data rate and erse the RIO's problem of positioning the
antennse on the target. Since the RIO views a "B" scope (vertical depicts
vange, horizontal depicts antenna azimuth position) presenting it will be
necessary to improve the method of indicating the antenna elevation position.
Such a mechanization change will be made on the simulator and evaluated as
to its sufficiency in satisfying the system requirements. The CW iliumination
of ihe target and the rear missile antenna after lsunch will be one of the
parameters considered in optimizing this scan pattern. High on the agenda,
however, is to determine if it is mandatory to continucusly illuminate the
target with CW after launch and if not the duty cycle that can be tolerated.

This type of operation is considered to be the goal in systenm
simplification, since the equipment complexity would be reduced and the
AMCS would not be susceptible to most enemy countermeasures.

e. From the results of the efforts to date, several trends have
been established vhere certain parameters vary in a pattern that could be
a clue to the interceptor team for solving the problem. Several of these
trends, listed as follows, will be investigated and further developed by
additional simulation.

26 CONFIDENTIAL




CONFIDENTIAL

1. The range rate variation seems to fall into a pattern which
lends itself to approximation as mentioned previously and thereby should
provide s voltage that is an indication of range. Apparant range rate
will more closely approximate true range rate in the simulation., The
data from additional conversions will be evaluated to establish, when the
approximated range rate drops to a glven percentage of the initial range
rate, that true renge is within the firing zone.

2. Roll engle appears to follow a pattern and the sign of the roll
angle adds sense or polarity to this pattern. It is concelved that, given
kmowledge of the roll angle characteristics, the pilot could fly a deviated
pursuit course until his roll angle reached a glven value at which time
he would modify his roll angle, in the direction of problem solution, to
establish a known displacement. With a known displacement in roll angle, .
other quantitles, such as rate of change of line of sight, ete., will vary
such as to provide an estimate of range.

3. It has been noted in the simulation to date that roll angle
and acceleration stabilize near the maximum.

4, The elevation and azimuth gimbal space rates of the line-of-sight

tend to stabilize at some low constant value for runs experiencing
essentially zero steering errors.

5. The success of the HOJ mode nmay be improved to that of the
Normal mode, with a simple interleck time delay limiting the release of

the missile before true Bygy. This time delay would function for approximetely

2.0 seconds after indicated Rmax eppears on the scope before the missile

would be released, A cursory evaluation of 200 runs in the HOJ mode indicates

that the steering errors at the time of missile launch would also be
improved by a time delay.

f. In view of the fact that several areas of system improvement
through simplification have been spotlighted, it is strongly recommended
that this investigation of the minimum flre control requirements be
continued by the Navy.
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"Summary of Navy Study Progrem for F4H-1 Weapon System,” NRL Report TS5k,
Vol. XI, Appendix, Confidential

"Summary of Navy Study Program for F4H-1 Wespon System," NiL Report 754,
Vol. XX, November 1953, Confidential
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Figure 2

1.
2.
3.
L.

6.

RBoll Bar

Target Dot
Acquisition Symbol
Target Elevation
Anay Scribe Mgrk
Buspn Scribe Mark

Search Display-Normal, HOJ and AOJ Modes
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R B S S
-30 0 30
1. Roll Ear

2. Target Dot
3. Acquisition Symbol

L. .Target Elevation

5. Anterma Azimuth Sweep
6. Ry.. Scribe Mark

7. Rmin Scribe Mark

Figure 3  Search Display - AWS Mode
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0
Note: Curve shown is for one
~10 bar of tiiree bar scan.
Curve is identical for
remaining two bars.
~20 Bars are separated by

Amplitude Ratio (db)
A
©

3.75° 2 0.50.

A e L

% -4 2 0 2 4 6 8

Degrees Ifrem Center of Bar

Figure %  Scope .Intensity as a Function of Distance
from Center of Bar, Elevation Channel.
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1.
2.
3.
h.

=30

Roll Bar

Elevation Gimbal Angle
Azimath Gimbel Angle

Rpax Scribe Mark

Figure 5

5.
6.
7.
8.
9

30

Byin Scribe Mark
Error Dot

Maximum Error Circle
Bpax —~ Bypin Clrcle
Range Rate Gap

Track Display - Normal & HOJ Modes
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— 60

-~ 30

~30 o 30
1., Roll Bar’ 5« Bpin Scribe Mark
2. Elevation Gimbal Angle 6. Error Dot
3. Azimuth Gimbal Angle 7. Maximum Error Circle -
L Rma.x .'_Scribe Mark Constant

" diameter & 8.5°

Figure 6 Track Display - AOJ Mode
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7~ Sample of Brush Recording Condition 3
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Sum Vaiues from Blonk 6 Forward

For Cumlative Probakility of
Detection

9
A N
Ideal 4 S

Vectoring Ray 49 X

Probability of Being
In a Particular Ray

& v o
1 4 N,
¢

AT Radar Detection

Range 85% Cumulative

Probability (Tmproved NG

APQ-72)

K

NOT__T0 SCAIE % '(T;
2 g g 1 L i 1 el
35 30 25 20 15 10 5

Range (NoMo )

Figure 8 Weighting Factors Due to Vectoring Error
and Detection Probability Distributions
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TABLE 15

Summary of Fire Control Investigation

, % % Success
Mode Rolative to Normal
Success Attack Mode
Normal 83.7 100,0
HOJ 73:0 87.2
AOJ 3645 43.6
Attack While Search 4240 50.2
(10° Lead Angle)
Attack While Search 4047 L4846
(18° Lead Angle)
Attach Wnile Search 25,5 3044
(250 lead Angle)
| ]
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Naval Research Laboratory
Technical Library
Research Reports Section

DATE: February 26, 2001

FROM: Mary Templeman, Code 5227

TO: Code 5300 Paul Hughes

CC: Tina Smallwood, Code 1221.1 /ﬂ %/
SUBJ: Review of NRL Reports

Dear Sir/Madam:

1. Please review NRL Report MR-754 Volumes I, 11, ITI, IV, VII, VIII, IX, X, XI, XII, XIII,
X1V, XV, MR-1372 and MR-1289 for:

{ Possible Distribution Statement
O] Possible Change in Classification

Thank you,

Mary Te pleW

(202)767-3425
maryt@library.nrl.navy.mil

The subject report can be:

g Changed to Distribution A (Unlimited)
] Changed to Classification
O Other:

D VC1) e

Signature Date
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CA (5) NAVAL RESEARCH LAB WASHINGTON D C

TI (6) NAVY AIR TO AIR MISSILE STUDY FIRE CONTROL REQUIREMENTS.
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